Response of peripheral blood mononuclear cells to conditioned medium from cultured oral squamous cell carcinomas Abstract: The current study investigated the capacity for tumor factors secreted by head and neck squamous cell carcinoma (HNSCC) cell lines, KB, KB16, and HEP, to induce the secretion of various cytokines from peripheral blood mononuclear cells (PBMCs). PBMCs were isolated from blood samples collected from six healthy volunteers and these cells were incubated for 6, 24, 48, or 72 hours in the presence of 50% conditioned medium collected from cultured cell lines pretreated with, or without, stimulants such as phytohemagglutinin (PHA) or lipopolysaccharides (LPS). Aliquots of each supernatant were then assayed for levels of IFN-γ, vascular endothelial growth factor (VEGF), TNF-α, and IL-4 using enzyme linked immunosorbent assays (ELISAs). Data collected were analyzed using Student's t-test, an ANOVA test followed by Tukey's test, and tests of Pearson's Correlation. PBMCs cultured with KB16-conditioned medium produced the highest levels of IFN-γ. VEGF was also detected in conditioned media collected from all of the squamous cell carcinoma (SCC) cell lines used, and a significant difference in VEGF levels between control and KB-or KB16-conditioned media was observed. TNF-α was secreted by all PBMC groups within 6 hours of receiving conditioned media, and these levels increased up to the 24 hour timepoint, after which levels of TNF-α stabilized. In contrast, none of the supernatant samples contained detectable levels of IL-4. In combination, these data suggest that direct contact between fresh human PBMCs and conditioned media from tumor cells induces the secretion of TNF-α and VEGF by PBMCs, and this represents an initial angiogenic response.
Introduction
Patients with head and neck squamous cell carcinoma (HNSCC) manifest significant immunosuppression. The extent of this immunosuppression is often more profound than that observed in patients with other malignancies, 1 and has been postulated to occur in a hierarchical manner. For example, in the latter case, genetic alterations 2 have been found to affect the primary tumor region more than draining lymph nodes. 1 Moreover, immune effector cells obtained from the peripheral blood of patients with cancer, including HNSCC, have been reported to exhibit Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
a variety of functional abnormalities that vary in magnitude from patient to patient, as well as in relation to the extent of the disease present. 3, 4 The phenotype and functional characteristics of tumor-infiltrated lymphocytes isolated from human tumors include expression of activation markers and tumor-associated antigens, impaired defense function, 3 decreased cell proliferation in response to mitogens, and an altered cytokine profile for interleukin 2 (IL-2) and interferon γ (IFN-γ). In addition, fresh tumor-infiltrating lymphocytes have been observed to be poorly cytotoxic against tumor targets and do not undergo normal signaling in response to T-cell receptor engagement. 3 In general, both innate and adaptive immune responses have been found to exert opposing effects on the growth of various experimental and human tumors. 4 However, the conditions that distinguish tumor promotion from tumor suppression are poorly understood. In an analysis of immune responses to tumor development, the type of tumor analyzed and the cytokine conditions involved have been found to be key factors. For example, transplanted tumors, tumors induced by carcinogens, or tumors that develop as a consequence of deregulated apoptosis and clearance mechanisms, can induce different immune responses. More specifically, an inefficient Th2 response (i.e., a humoral response with production of IL-4, IL-5, and IL-10) can be observed instead of a competent Th1 reaction against tumors, with the latter accompanied by a cytotoxic response and production of IFN-γ, IL-1, and IL-6. 4, 5 Moreover, the mechanism(s) that drive a Th2-mediated immune response are not clear, especially in cases of HNSCC. Therefore, it has been hypothesized that peripheral blood lymphocytes and macrophages that interact with a tumor microenvironment will produce a Th1 or Th2 response, depending on the signaling cytokines that have been released by the tumor cells. 6, 7 Angiogenesis is an essential step in the development of many neoplasias. In addition, tumor-associated macrophages can participate in the induction of angiogenesis, and for some types of neoplasms, also be of prognostic value. Vascular endothelial growth factor (VEGF) has also been shown to have a role in the immunosuppression associated with various cancers. For example, neutralizing antibodies to VEGF, or granulocyte-macrophage colony-stimulating factor (GM-CSF), have shown the capacity to partially reverse the inhibitory effects of tumor cell supernatants on the differentiation and function of dendritic cells undergoing maturation. 7 In the present study, early cytokine responses involving IFN-γ, VEGF, TNF-α, and IL-4 were assayed following the incubation of human PBMCs with medium conditioned by HNSCC cell lines in order to determine whether tumor-secreted factors can affect PBMCs.
Methodology
This study was approved by the Ethics Committee of the University, and all participants gave their written consent.
Cell lineages
To obtain PBMCs, 30 mL of peripheral blood was collected from each of six healthy volunteers into EDTA-containing vacutainer tubes (BD, Franklin Lakes, USA). PBMCs were then separated using Ficoll-Paque Plus (GE Healthcare Bio-Science AB, Pittsburg, USA) and density gradient centrifugation, according to the manufacturer's instructions. Cells were cultured in RPMI 1640 (Biogen, Cambridge, USA) supplemented with 10% fetal bovine serum (FBS; Cultilab, Campinas, Brazil), 1% streptomycin (Sigma-Aldrich, St. Louis, USA), and 1% L-glutamine (Biogen, São Paulo, Brazil) at 37 °C and 5% CO 2 . Commercially available tumor cell lines were also obtained which included: These three cell lines were cultured in Eagle medium (MEM, Sigma-Aldrich) supplemented with 10% FBS (Cultilab, Campinas, Brazil) and maintained at 37 °C, 5% CO 2 . Trypan Blue exclusion assays were used to evaluate cell viability. Lipopolysaccharide (LPS) and phytohemagglutinin (PHA) were purchased from Sigma-Aldrich.
Conditioned medium (CM) from tumoral cells
Subconfluent tumor cells were trypsinized, counted, and 1 × 10 6 cells were transferred into 25 cm² flasks with 6 mL MEM without serum. After 24 h, the conditioned media was transferred to 1.5 mL tubes, centrifuged (300 × g) to remove cellular debris, and the resulting supernatants were filtered using 0.22 µm disposable TPP Syringe filters (Techno Plastic Products, Trasadingen, Switzerland).
Experimental groups and cytokine production assays
Fresh PBMCs (2 × 10 5 ) were added to 24-well polycarbonate plates and incubated for 6, 24, 48, or 72 h with 50% v/v conditioned media, with or without the presence of stimulants. At the timepoints indicated, 600 µl of each supernatant was collected, centrifuged, aliquoted, and frozen at −80 °C. The experimental groups generated are listed in Table 1 . All experiments were performed in triplicate, with cell viability checked immediately following collection of each supernatant (Trypan Blue exclusion).
Enzyme linked immunosorbent assays (ELISAs)
Levels of IFN-γ, VEGF, TNF-α, and IL-4 were assayed in supernatant samples collected from each experimental group, as well as in each conditioned medium prior to incubation with PBMCs, using ELISAs, according to the manufacturer's instructions (Invitrogen, Carlsbad, USA). Optical density at 450 nm was measured using a UVM340 spectrophotometer (Oasys, Asys Hitech, Austria). Blood collection and ELISAs were repeated on three different occasions.
Statistical analysis
After confirming the normality of data and homogeneity of the variance (SPSS Statistics v. 16.0, SPSS Inc., USA), statistical analyses were performed that included Student's t-test, ANOVA followed by Tukey's test, and tests of Pearson's Correlation. A p-value less than 0.05 was considered statistically significant.
Results
Initially, levels of cytokines secreted by the SCC lines used (i.e., KB, KB16, and HEP cells) were determined from 1:2 dilutions of culture media collected at the 0 h timepoint using ELISAs specific for detection of IFN-γ, VEGF, TNF-α, and IL-4. Cell viability for all cell groups was also determined to be 90% at each of the timepoints assayed. When PBMCs were cultured in the presence of HEP-or KB-conditioned medium, low levels of IFN-γ were detected between 6 and 72 h after the addition of conditioned medium (Figures 1a and  1b) . Moreover, these levels were similar to those of the control group in the absence of conditioned medium (Figure 1 ). In contrast, PBMCs cultured with KB16-conditioned medium produced a higher concentration of IFN-γ than PBMCs cultured in the absence of conditioned medium, or PBMCs cultured in the presence of KB or HEP cells (ANOVA: p < 0.01; Tukey's test: KB16 > KB = Hep = control). As a positive control, a parallel culture of each experimental group was stimulated with 10 µg/mL PHA at the 48 and 72 h timepoints. As a result, an increase in IFNγ secretion was detected in all treated cells, and there was no statistically significant difference among the groups (ANOVA: p = 0.293).
When VEGF was detected in the conditioned media of all SCC cell lineages (Figures 2a and 2b) , a significant difference in the levels of VEGF detected for control cells versus KB/KB16 conditioned cells was observed (ANOVA, p < 0.01; Tukey's test, KB > KB16 > Hep = control). Moreover, tests of Pear- Secretion of TNF-α was detected in all PBMC experimental groups within 6 h, with levels increasing up to 24 h and then stabilizing. Furthermore, PBMCs that were cultivated with conditioned media from KB16 and HEP cells produced significantly more TNF-α than KB-conditioned PBMCs and control groups (ANOVA: p < 0.01; Tukey's test: KB16 = Hep > KB = control). Stimulation of PBMCs with PHA and LPS also increased the production of TNF-α similarly in all groups, with no statistically significant differences observed between the experimental groups (Figures 3a through 3c) .
None of the experimental groups produced detectable levels of IL-4.
Discussion
In this study, direct contact between fresh human PBMCs and conditioned media collected from tumor cells induced the secretion of TNF-α and VEGF, and this did not contribute to a Th1 or Th2 response.
Previously, most studies of HNSCC immunology have analyzed patients in the advanced stages of disease in comparison with healthy controls. 6, 7, 8 For example, Lathers et al. reported cytokine levels in HNSCC patients associated with a shift towards a Th2 bias, with increased levels of Th2 cytokines (i.e., IL-4, IL-6, and IL-10), and decreased levels of the Th1 cytokine, IFN-γ, detected. 8 In addition, Bose et al. compared the immunological status of stage III and IV individuals with HNSCC with those of age-matched controls and found that, in affected patients, the profile of immunocompetent cells and cytokine secretion was dysregulated towards a Th2 response. Moreover, the total leukocyte count was reduced, and the proliferative ability of PBMCs in response to PHA stimulation was significantly downregulated. 3 The role of Th2 cells in the immune response is gradual, and is related to the tumor stage involved. However, neither the nature of the regulatory factors present, nor the steps involved in the resistance of transformed oral keratinocytes, has been fully elucidated. 9, 10 Correspondingly, the present study was designed to analyze the early response of healthy donor PBMCs versus PBMCs directly exposed to tumor-derived products. Moreover, regarding the KB16 cell line that was used and derived from KB cells, it contains the E1A and E1B regions of the Ad2 virus and was chosen for this study as an alternate to analyzing PBMC cytokine secretion in the presence of viral particles. 9, 10 The results of this study indicate that PBMCs obtained from healthy donors that were incubated with conditioned medium from SCC cell lines did not secrete IFN-γ. In this experimental model, the PBMCs were not activated by dendritic cells, which may decline their function; however the secretion of IFN-γ was expected to some degree since the cells from control groups were able to produce this cytokine when stimulated by PHA. Thus, it seems that additional factors are needed to induce a Th1 response, with INF-γ production in PBMCs. Moreover, conditioned medium did not suppress the secretion of IFN-γ by cells stimulated with PHA, indicating that this aspect of immunosupression is not definitive during the initial interactions between PBMCs and tumor cells. The observation that none of the PBMC experimental groups secreted detectable levels of IL-4 may indicate that the contact of PBMCs with SCC products does not directly lead to a Th2 response, or that other Th2 cytokine as IL-10 is produced.
It has previously been shown that tumor cells secrete VEGF, 11, 12 and after 72 h, PBMCs exposed to conditioned media from two of the SCC lines (i.e., HEP and KB16) began to secrete VEGF. This finding is of interest, since VEGF production is directly related to metastasis and pro-tumor activities of the immune system.
For all PBMC groups, secretion of TNF-α was detected. However, cells exposed to conditioned media from KB16 and HEP cells produced significantly more TNF-α than the other groups. Currently, the role of TNF-α in oral cancers, particularly in specific immune subsets at particular stages of maturation, has not been fully explored. 13, 14, 15 Moreover, TNF-α is a pleiotropic cytokine that is potently induced during the interaction of immune effectors with transformed oral keratinocytes. An interesting characteristic of TNF-α has been its paradoxical role in cancer, where high doses of TNF-α that were locally administered led to the selective destruction of tumor blood vessels and powerful anti-cancer effects. 1 However, TNF-α has also been shown to promote tumor growth by inducing angiogenic factors, including cytokines and fibroblast growth factor. In addition, TNF-α has been shown to be involved in stromal development, tissue remodeling, and increased survival, proliferation, and differentiation of tumor cells. TNF-α can also induce DNA damage, select resistant tumor clones, and promote metastasis through the conversion and maintenance of the M2 phenotype of monocytes/macrophages, which is favorable to angiogenesis. Furthermore, a poor prognosis, as well as resistance to therapy, are characteristic of tumors that have been found to release significant amounts of TNF-α into the tumor microenvironment. 15, 16, 17, 18 An important ethical limitation of the present study was the amount of blood that each donor could donate. Initially, the focus of the study was on macrophage-derived cytokine production, whereby monocytes were separated from whole blood, cultured, differentiated into macrophages, and supernatants were assayed by ELISAs. However, to obtain an adequate number of macrophages sufficient to be distributed to all experimental groups, twice the volume of blood collected was needed. Thus, in order to diminish the blood uptake from donors, and not to exclude the possibility of lymphocyte interactions, it was decided that all PBMCs would be analyzed.
The main results of this study indicate that tumor cells have the capacity to "crosstalk" with PBMCs and to induce angiogenesis via the secretion of VEGF and TNF-α. However, a Th2 profile was not observed, suggesting that development of a Th2 response occurs during a more advanced stage of disease. Alternatively, a patient's immune system per se may respond to tumor products with a Th2 response, thereby favoring tumoral development. Overall, the stimulation of PBMCs represents a complex issue, and additional research is needed to fully understand the mechanisms involved, especially regarding the role of TNF-α and VEGF.
Conclusions
The results of this study suggest that direct contact of fresh human PBMCs with conditioned media obtained from tumor cells can induce PBMCs to secrete TNF-α and VEGF. Furthermore, this response represents an angiogenic response, rather than a Th1 or Th2 response.
